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Abstract. This paper present the possibility of using pressure generated by microorganisms to 
separation of useful compounds from nutritive medium derived from metabolism of living cells 
growth in this type of bioreactor. Also, is presented the construction and operation of a modular 
membrane bioreactor. 
 




The technologies of compounds separation from nutritive mediums are in continuous 
increasing especially in the field of wasted water treatment were the bioreactors became 
standard devices. Another field of industry is obtaining the alternative fuels. Most known fuel, 
were bioreactors are implemented in production process is ethanol. Bioethanol, the ethanol 
produced through fermentation process from agricultural feedstock, must be separated from 
yeast nutritive medium and concentrated. This thing can be done by two processes using heat 
to evaporate and separate ethanol from water or by using semi permeable membranes for 
separation in so-called process membrane distillation or pervaporation. 
 
MATERIALS AND METHODS 
 
Following is presented the construction and operation of this type of membrane 
bioreactor. 
The installation is composed of membrane bioreactor directly connected to culture 
medium supply tank (T1) and starter culture supply tank (T2). 
The main segment of the system is the membrane bioreactor. Operation in a closed 
system is ensured by valves located on the supply and drain paths there of with which to 
regulate flows. It consists of the bioreactor itself directly coupled to the membrane separation 
module. 
Starter culture membrane bioreactor supply is provided by the T1 buffer tank and the 
nutrient medium through the buffer tank T2. They are kept at working pressure of the 
membrane bioreactor with open positions that the valves V2 and V4, respectively closed 
position of valves V1 and V3. The circulation of culture, the medium and recycle of it into the 
system is provided by pumps P1 and P2 corresponding to T1 and T2 tanks. 
In turn, buffer tanks, for maintain the constant pressure in bioreactor, are supplied with 
material up to maximum level, at atmospheric pressure by closing valves V2 and V4 and 
opening valves V1 and V3. As a result, we have two circuits, which supply a buffer tank at 
atmospheric pressure and the other, constantly feeding the bioreactor on its working pressure. 
Feeding the bioreactor with starter culture is achieved by a uniform distribution in the 
vicinity of the sediment layer at the base of the machine. In this way at the top of the layer 
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will be always deposited yeast with maximum metabolic activity that will cover the full yeast 
whose activity decreases as they move towards the drain at the bottom. 
In figure below is presented block diagram of a configuration with two fermentators 







Fig.1. Block diagram of membrane bioreactor with two membranes’ separation module and two fermentators 
 
 
Recycling the nutrient medium must be made over the dispenser order not to disrupt 
the yeast sedimentation. It will make successive passes in front of the membrane separation 
module that removes constant the dissolved ethanol using pervaporation membrane process 
[3] from nutritive medium using just the driving force the pressure of carbon dioxide resulted 
from fermentation. 
Due to the limitation of useful work pressure of the membrane, the optimum pressure 
can be maintained by regulating the flow of carbon dioxide evacuated from system using 
valve V5. 
Putting in series of plates create an internal cavity specific for processing segment. In 
Figure 2 is presented the serial arrangement of plates in the supply zone with starter culture 




Fig. 2. Serial arrangement of plates in the supply zone with starter culture: 1-Screw holes in the deck plates;  
2-Feed with microorganism culture; 3-Drain dead culture; 4-Distributor of microorganisms. 
 
 
The versatility of this type of bioreactor is given by the possibility to change the 
configuration as needed. Therefore we have three possibilities of use the device: as membrane 
bioreactor; as simple bioreactor; as separation module. 
In quantitative terms, the capacity of this device may be increased by putting in series 
a large number of modules.  
In the case when is needed the separation of a compound from a process were the 
production of gas not take place, there is the possibility to use as driving force the gas 
produced in one module of this installation were we have gas producing microorganisms to 
separate the compound from medium existent in other module. Of course, the two modules 





Fig. 3. Coupling in series of membrane bioreactors 
 
 
The main material used for construction is polycarbonate. I chose this material 
considering the following reasons: ease of manufacturing, processing costs are low, relatively 
low material cost, allow transparency for process of photosynthesis and is within required 
parameters of the pressure characteristic process. 
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In Table 1 are presented some of the properties of polycarbonate plate used for 
construction. 
Tab. 1 
Properties of Makrolon FG 009 polycarbonate plate 
 
Properties Typical values Observations 
Physical properties 
Density 1,2 g/cm3 - 
0,15 % Tested after storage in standard conditions (23oC/50%RH) Humidity absorption 0,35 % After storage in water to saturation 
Mechanical properties 
Tensile strength > 60 MPa - 
Elongation >70 % - 
Elastic modulus 2400 MPa - 
Flexural strength 90 MPa - 
Thermal properties 
Vicat softening point 148 oC - 
Thermal conductivity 0,2 W/mK - 
Elongation by thermal 
expansion coefficient 
0,065 mm/m oC - 
  
RESULTS AND DISCUSSION 
 
At this stage of research was built a segment of the system presented above who have 
two compartments: fermentation module and membrane separation module, both coupled. 
 The tests were conducted using Saccharomyces cerevisiae and Saccharomyces 
Bayanus (Gaspar et al., 2011) because those reactivity translated in large amounts of CO2 and 
ethanol produced in short term.  
For ethanol separation the chosen membrane was Desal DK. The amount of ethanol 
separated in the first phase of the experiment was insignificant when was used only direct 
pressure. This thing conducted to increase the concentration of ethanol from culture medium 
and as result the reactivity of yeasts decreased. 
By applying vacuum to the permeate side of membrane the ethanol production 
increased enough to establish the equilibrium between low alcohol concentration from 
medium, CO2 pressure and ethanol removing. This phenomenon manifested because of 
azeotrope solution of water-ethanol.  
P.M.B. Fernandes (2005) have found in conditions, which apply hydraulic pressure 
above 50 MPa yeast cell morphology is affected. Some wild yeast survived at 220 Mpa. As 
result, part of the CO2 pressure can be converted in vacuum using a pressure to vacuum 
conversion system (Moise, 2011) to easy conduct the pervaporation process in this type of 
bioreactors (Wen-Janq Chen et al., 1995). 
Exceeded CO2 can be store using hydraulic drive system being a possible good 




The main advantage is the use of gas pressure generated by microorganisms to reduce 
the energy consumption needed for membrane separation. 
This system having multiple possibilities of configurations the applicability is very 
large. It can be implemented both in industrial applications in the one hand and also in 
laboratory research purposes.   
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The capacity of this system can be changed through resize of the components or by 
putting in series a large number of modules. 
Gaseous product of metabolism that exceed the pressure needed for separation process 
can be stored using a hydraulic drive system in a pressurized chamber for further purposes.  
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